The increase of cell proliferation during early wound healing is thought to be regulated by a decrease of apoptosis.
A poptosis serves as a crucial control mechanism not only for the development of organs during embryogenesis but also for the maintenance of tissue homeostasis in the mature organism. There is mounting evidence that the sequence of cellular events that characterizes healing of cutaneous wounds and other tissue repair processes, is tightly regulated by a distinct temporal pattern of cellular apoptosis (Greenhalgh, 1998) . The three classically defined phases of wound healing, ie, inflammation, tissue formation, and tissue remodeling (Singer and Clark, 1999) , involve the differential participation of resident cells and infiltrating leukocyte subtypes. After the initial hemostatic event, early wound repair is characterized by the invasion of neutrophils, macrophages, and lymphocytes, which serve (along with immunologic effector cells) as sources of inflammatory and growthpromoting cytokines (Gillitzer and Goebeler, 2001 ). Then, fibroblasts migrate, proliferate, and synthesize extracellular matrix components, participating in the formation of granulation tissue. Cellular infiltration and proliferation must be sufficient and pronounced for normal early progression of repair. It has been discussed that this rapid increase in cell proliferation is allowed by an initial decrease of apoptosis. Later, when the inflammatory process begins to shut down with wound closure and scar evolution, there is a dramatic decrease of cellularity, which has been clearly shown to be mediated by an increase of apoptotic cell death (Desmoulière et al, 1995 (Desmoulière et al, , 1997 . Conversely, when granulation tissue cells are not eliminated because of failing apoptosis, there is pathologic tissue repair and development of hypertrophic scar or keloid, both characterized by a high degree of cellularity (Messadi et al, 1999; Rockwell et al, 1989) .
Recently, it has been suggested that the initial decrease of apoptosis during early cell proliferation may be a result of a depression of p53 (Kane and Greenhalgh, 2000) . To elucidate this, we herein studied whether p53 is involved in wound healing-associated apoptosis and whether transient inhibition of p53 is effective to improve the initial healing process of cutaneous wounds.
Results

Tissue Regeneration and Microcirculatory Parameters
Wound surface area amounted to 3.6 Ϯ 0.3 mm repetitive application of PFT-␣ accelerated initial wound epithelialization compared with DMSOtreated controls. Skin defects were found to be epithelialized by 45 Ϯ 6% and 97 Ϯ 1% at Days 5 and 10 after wounding in the PFT-␣ group, whereas wound closure in DMSO-treated animals was retarded, with only 25 Ϯ 8% and 86 Ϯ 4% of the wound surface area covered with epithelium ( Fig.  1A ; p Ͻ 0.05 versus PFT-␣). At Day 15, wound repair was terminated in both groups.
The extent of newly vascularized tissue within the wound (area of neovascularization) did not differ between both groups (Day 10:~50%; Day 15:~80%) and wound vascularization was almost completed at Day 20 (Fig. 1B) . However, after 5 days of tissue repair, wounds of the PFT-␣-treated animals exhibited higher values of functional capillary density than those of the DMSO-treated animals (Fig. 1C) .
During wound healing, the diameter of arterioles and venules in the immediate vicinity of the wound did not markedly differ either between the groups or within each group over time. Moreover, analysis of red blood cell velocity and calculation of volumetric blood flow revealed no statistical differences between the PFT-␣-treated and DMSO-treated animals (Table 1) .
Inflammatory Response
In PFT-␣-treated animals, leukocytic response upon wounding was more pronounced when compared with that in DMSO-treated animals, as reflected by significantly increased leukocyte adhesion (p Ͻ 0.05) in capillaries in the immediate vicinity of the wound ( Fig. 2A) . Distant to the wound, microvascular leukocyte adherence was comparable in wounds of animals of either group (Fig. 2B) .
Pearson product moment correlation followed by forward stepwise regression revealed that the dependent variable epithelialization can be predicted from the linear combination of the independent variables neovascularization (p Ͻ 0.001; r ϭ 0.821) and microvascular leukocyte adhesion (p ϭ 0.024; r ϭ 0.842) as follows: epithelialization (%) ϭ 51.969 ϩ 0.521 · neovascularization (%) ϩ 2.453 · microvascular leukocyte adhesion. All other variables studied did not significantly add to the ability of the above-mentioned equation to predict epithelialization.
Histology and Immunohistochemistry
At Day 5, wounds treated with PFT-␣ revealed higher average scores in cellular invasion and pattern of collagen organization when compared with those of DMSO-treated animals ( Table 2) . Expression of ␣-smooth muscle actin (␣-SMA) was present in all wounds at Day 5 and almost disappeared at Day 20, without marked differences between groups. Moreover, at Day 20, wounds of both DMSO-treated and PFT-␣-treated animals were well healed, with complete epithelial coverage and advanced collagen organization.
Quantitative analysis of wounds at Day 5 revealed 52.6 Ϯ 0.8% of proliferating cell nuclear antigen (PCNA)-positive cells in animals with PFT-␣ treatment, indicating higher proliferative activity (p Ͻ 0.01) than wounds of DMSO-treated controls, which exhibited only 29.1 Ϯ 2.0% PCNA-positive cells (Fig. 3, A and B). Immunostaining of PCNA in wounds at Day 20 showed light staining of epithelial and connective tissue in both DMSO-treated and PFT-␣-treated animals.
There was definite evidence of apoptosis within the 5-day wounds; however, the degree of apoptosis was significantly (p ϭ 0.032) less pronounced in PFT-␣-treated animals than in DMSO-treated controls, as given by a score of 2.25 Ϯ 0.25 versus 3.75 Ϯ 0.48 (Table 2 ). In hematoxylin-and eosin-stained sections, characteristic morphologic changes, such as cell shrinkage, nuclear and cytoplasmic condensation, nuclear fragmentation, and cellular budding, were identified. The percentage of cells exhibiting these apoptotic features amounted to 9.2 Ϯ 1.2% in wounds of DMSO-treated controls but only 5.2 Ϯ 0.8% in the wounds with PFT-␣ treatment (p ϭ 0.033). 
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Western Blot Analysis of p53 and PCNA
PFT-␣ did affect the nuclear to cytoplasmic ratio of the p53 protein inasmuch as PFT-␣ lowered the levels of nuclear p53 but not of cytoplasmic p53 protein, with a final ratio of 3.4 when compared with the ratio of 5.0 in the DMSO-treated animals (Fig. 4) . In line with immunohistochemistry of PCNA in cutaneous wounds, PFT-␣-treated animals revealed higher expression of PCNA protein in whole skin extracts than DMSOtreated animals (Fig. 3C ).
Proliferation Assay
To further substantiate the hypothesis that PFT-␣ enhances proliferation via modulation/inhibition of apoptosis in a cutaneous wound healing model, we additionally performed in vitro experiments, eg, the colorimetric indirect proliferation assay WST-1, which is based on the cleavage of the tetrazolium salt WST-1 by mitochondrial dehydrogenases in viable cells, to study the effect of PFT-␣ on cell proliferation. Although metabolism of the p53 mt/mt HaCaT cells was not affected by either PFT-␣ (20 M) or DMSO, wildtype p53-expressing human keratinocyte (HKER) cells showed increased metabolism upon the 24-hour exposure to PFT-␣ when compared with DMSOexposed cells and unexposed control cells (Fig. 5) .
Discussion
The present in vivo microscopic study in mice communicates the following major findings: (i) Inhibition of p53 by PFT-␣ caused an acceleration of initial wound epithelialization under noncompromised tissue conditions. (ii) PFT-␣ further led to higher functional capillary density and was associated with increased leukocyte recruitment within the wounds. Notably, the antiapoptotic strategy by PFT-␣ did not interfere with wound maturation, as indicated histologically by normal solid tissue repair. (iii) Immunohistochemical analysis of PCNA and terminal deoxynucleotidyl transferasemediated dUTP nick-end labeling (TUNEL) staining revealed that enhanced epithelialization within the early tissue repair phase in PFT-␣-treated animals can best be attributed to high cellular proliferation caused by transient blockade of p53-dependent apoptosis.
Methodologic Remarks
The hairless mouse ear model is ideally suited for repeated direct quantitative in vivo measurements of microvascular changes occurring during the entire wound healing process (Barker et al, 1989) . The fullthickness wound represents a clinically relevant and reproducible model of normal wound healing. The noninvasive microcirculatory observations can be repeatedly performed over time in the same animal and in the same observations fields, reducing the biologic variation to a minimum. The combined study of morphologic and functional changes during wound repair allows for new insights into the mechanisms of healing and objective assessment of the efficiency of novel treatment modalities, such as blockade of p53 by PFT-␣. One might argue that using healthy organisms, in which wounds heal so rapidly, does not fit with the clinical situation in which many medical and surgical complications can be attributed to wound healing disorders on the basis of atherosclerosis and diabetes (Greenhalgh et al, 1990) . Indeed, changes in healing in uncompromised tissue can be hard to measure; however, interpretation of data does not have to consider multiple unspecific disease-related side effects and results are directly attributable to the drug administered. As stated by Komarov et al (1999) , intraperitoneal application of 2.2 mg/kg PFT-␣ failed to exhibit signs of systemic or local toxicity. Besides normal behavior and aspect of the animals, analysis of arterial blood cell counts and cutaneous microcirculatory parameters distant to the wound reflected physiologic conditions (data not shown), as observed in nontreated healthy animals (Barker et al, 1989; Bondár et al, 1991) .
Wound Regeneration
To solve the frequent clinical problem of wound healing failure, a variety of therapeutic regimens for acceleration of wound healing have been investigated in both experimental (Greenhalgh et al, 1990; Roesken et al, 2000) and clinical settings (Brenman, 1991; Cohn, 1986; Jorneskog et al, 1993) . Thereby, major efforts in wound healing research have focused on the role of angiogenesis (Hunt et al, 1984) , growth factors (Brown et al, 1989; Greenhalgh et al, 1990; Savage et al, 1987) , and various mediators (Breslin et al, 1988; Gillitzer and Goebeler, 2001 ) during the phase of tissue formation. With upcoming and steadily increasing experience on apoptosis, the mechanistic factors that underlie the control of this form of cell death have meanwhile been broadly integrated in the complex biologic network of wound healing (Desmoulière et al, 1997) . To our knowledge, however, the present study represents the first attempt to manipulate wound healing by targeting p53-dependent apoptosis.
It is well established that normal tissue repair needs an active proliferative state with granulation tissue formation, which inevitably contributes to the healing of injured tissue. In line with reports of Antoniades et al (1994) , demonstrating strong immunostaining with the Ki-67 antibody at the site of cutaneous injury on Days 1 to 3 in swine, we found high proliferative activity by PCNA staining within and in the direct vicinity of the wound during the early phase of tissue repair. It has been reported that this early phase of active cellular proliferation is accompanied by a progressive expression of c-sis/platelet-derived growth factor-B, its receptor ␤ (platelet-derived growth factor-R␤), and other mitogenic growth factors (Antoniades et al, 1993 (Antoniades et al, , 1994 , whereas analysis of both mRNA and protein of the cell cycle arrest inducing p53 gene revealed suppressed expression during that period (Antoniades et al, 1994; Kane et al, 2000) . Because tissue repair involves rapid increases in cell proliferation, it makes sense to expect p53 levels to decrease to allow for the sudden need in increase of cellularity.
In supposition of this view, p53 inhibition by PFT-␣ turned out to be of benefit in the process of wound healing, as indicated in the present study by the accelerated but still controlled wound repair. Treatment with PFT-␣ increased the rate of cellular infiltration and enhanced epithelial overgrowth of wounds. These in vivo effects presumably result directly or indirectly from the antiapoptotic effect of p53-inhibiting PFT-␣, as strongly underlined by the significantly reduced rate of apoptotic cells within the wounds. This hypothesis is further supported by the fact that PFT-␣ lowered the protein levels of nuclear but not cytoplasmic p53, implying that cytoplasmic retention of p53 mediates the antiapoptotic effects of PFT-␣, similarly as has been described for the distribution of p53 in PFT-␣-treated concanavalin A cells upon ultraviolet irradiation (Komarov et al, 1999) . Given the complex and multifaceted nature of the mechanisms by which p53 induces apoptosis (Bates and Vousden, 1999) , the modulation of the nuclear to cytoplasmic p53 ratio by PFT-␣ may not be the only mechanism of antiapoptotic PFT-␣ action. Enhanced wound healing by PFT-␣ can further be attributed to the subsequent increase in PCNA expression, as strongly evidenced by immunohistochemistry and 
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Western blot protein analysis of cutaneous tissue. PFT-␣-dependent modulation of cell apoptosis/proliferation has further been proven by the fact that exposure to PFT-␣ caused an expansion in the number of viable wild-type, but not mutant, p53-expressing keratinocytes, with increased overall activity of mitochondrial dehydrogenases and degradation of the tetrazolium salt WST-1 to formazan. As a result, wounds of PFT-␣-treated animals exhibited a thicker and more cellular granulation tissue than wounds of vehicle (DMSO)-treated animals. The higher leukocytic recruitment in wounds of PFT-␣-treated animals may in addition contribute to the enhanced wound repair, because this inflammatory response ensues the microenvironment suitable for tissue reparation (Kainulainen et al, 1998; Rao et al, 1995) and predicts, as given in the present correlation analysis, the extent of epithelialization.
There is general agreement that once an epithelium covers a wound, then inflammation needs to be downregulated and granulation tissue evolves into scar tissue (Martinez-Hernandez, 1988) . In situ end labeling of fragmented DNA and detailed electron microscopic evaluation of late phases of wound healing revealed that apoptotic cell death is responsible for the disappearance of cells and the decrease in cellularity during the transition between granulation tissue and scar (Desmoulière et al, 1995) . With the assumption that late apoptotic resolution of wound reparation tissue could fail under conditions of p53 blockade, one might expect delayed or impeded wound maturation in PFT-␣-treated animals. However, ␣-SMA staining, serving as an indicator of smooth muscle cell differentiation, disappeared in wounds of PFT-␣-treated animals comparably as in DMSO-treated animals. In accordance with Desmoulière et al (1995) , this can be interpreted as apoptotic loss of terminally differentiated cells and indicates final maturation of wound tissue.
Thus, without impeding the late wound repair phase that depends on an intact apoptotic cell program, p53-inhibiting PFT-␣ is of benefit in early wound tissue regeneration, as reflected by the acceleration of the initial epithelialization. Transient inhibition of p53 seems to support early cell proliferation, which is required for rapid tissue repair and might therefore represent an attractive tool in the treatment of delayed wound healing.
Materials and Methods
Animal Model
Homozygous (skh-1) hairless mice of both sexes (8 -12 weeks old, 22-30 gm body weight) were used in this study. Animals were housed one per cage and had free access to standard rodent laboratory chow and tap water. Room temperature was kept constant
Figure 3.
A and B, Photomicrographs of 5-day wounds immunohistochemically stained for proliferating cell nuclear antigen (PCNA) in a DMSO-treated (A) and a PFT-␣-treated animal (B). Note the markedly higher rate of PCNA-positive cells, indicating higher proliferative activity in the PFT-␣-treated animal. Magnification, ϫ200. C, PCNA protein expression, as assessed by Western blot analysis in cutaneous tissue of DMSO-treated and PFT-␣-treated animals. Before the surgical intervention of wounding, mice were anesthestized by injection of ketamine/xylazine (90/25 mg/kg ip) and placed prone on a plexiglas stage with the ear to be wounded stretched ventral surface down on the stage. As described in detail previously (Bondár et al, 1991) , the selected area on the dorsal skin of the ears was marked with a circular ink stamp (~2.2 mm in diameter). Using microscissors and a stereoscopic operating microscope (M650; Wild, Heerbrugg, Switzerland), skin and subcutaneous tissue were excised within the marked area down to the cartilage (depth~150 m), thus creating a full dermal thickness wound of approximately 4 mm 2 .
Experimental Groups
A total of seven mice received PFT-␣ (Alexis Biochemicals, San Diego, California) intraperitoneally in a dose of 2.2 mg/kg body weight (Komarov et al, 1999) at Day Ϫ1 before wounding and every second day during the entire observation period of 20 days. Control animals (n ϭ 7) were identically treated with equivalent volumes of the vehicle DMSO (Sigma, Deisenhofen, Germany).
Fluorescence Microscopic Analysis of Wound Repair
By use of a modified fluorescence microscope with a 100W HBO mercury lamp (Axiotech, Zeiss, Jena, Germany), attached to a blue (450 -490 nm/Ͼ520 nm) and green filter set (530 -560/Ͼ580 nm), wound repair was analyzed by the epi-illumination technique and recorded on videotape (S-VHS Panasonic AG 7350, Matsushita, Tokyo, Japan) using a CCD video camera (FK 6990; COHU, Prospective Measurements Inc., San Diego, California). An additional halogen light source (Schott KL1500; Zeiss) allowed for analysis of wounds by the transillumination technique. With the use of long distance objectives (2.5ϫ/0.075, 4ϫ/0.16, and 10ϫ/0.30; Zeiss) and a water immersion objective (W 20ϫ/0.5; Zeiss), magnifications of ϫ64, ϫ91, ϫ217, and ϫ491 were achieved on the video screen (PVM-2130 QM; Sony, Munich, Germany). Contrast enhancement for visualization of the wound (ϫ64, ϫ91, and ϫ217 magnification) and the microcirculatory network (ϫ491 magnification) as well as for assessment of microcirculatory parameters was achieved using 5% FITC-labeled dextran (0.2 ml, molecular weight 150,000; Fluka, Buchs, Switzerland). Leukocyte-endothelium interaction was studied after in vivo staining of leukocytes with 1% rhodamine 6G (0.2 ml, molecular weight 476; Sigma). The fluorescent tracers were injected intravenously into a tail vein before each microscopic observation time point.
Microcirculatory Parameters
The analysis of the kinetics of healing included the planimetric evaluation of (i) wound epithelialization and (ii) wound vascularization until complete wound closure (both given in percent of the original wound surface area). Although wound vascularization was assessed by blue light epi-illumination after iv injection of FITC-dextran, epithelialization of wounds was recorded by the trans-illumination technique by monitoring the leading edge of epithelial cell growth across the cartilage bed. The epithelialization was considered complete when the entire wound surface area was covered with cells. Measurements of microcirculatory parameters included the assessment of arteriolar and venular red blood cell velocity (mm/sec), inner luminal diameter of arterioles and venules (m) in preselected regions of interest, and functional capillary density (cm Ϫ1 ) within the wound, at the wound margin, and Representative Western blot displaying the modulation of cytoplasmic (cyt) and nuclear (nuc) distribution of p53 in cutaneous tissue of DMSO-treated and PFT-␣-treated animals.
Figure 5.
Kinetics of metabolism of the cell proliferation reagent WST-1 in HaCaT (p53 mt/mt; open symbols) and human keratinocyte (p53 wt/wt; filled symbols) cells, which were untreated (circles), exposed to DMSO (squares), and exposed to PFT-␣ (triangles) for 24 hours. At 0.5, 1, 2, and 3 hours after WST-1 incubation, the absorbance was determined by an ELISA reader. Mean Ϯ SEM; * p Ͻ 0.05 versus untreated cells.
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outside the wound. Leukocyte-endothelium interaction was studied within capillaries inside the wound, at the wound margin, and outside the wound (given as number of adherent leukocytes per length of capillaries in the area of interest; n/mm). Baseline values of the microcirculatory parameters including leukocyte-endothelial cell interaction were determined at Day Ϫ1 before wounding. Directly after wounding (Day 0), the wound surface area was assessed by the transillumination technique. Analysis of wound epithelialization and vascularization, microcirculatory parameters, and the leukocyte-endothelial cell interaction was performed at Days 5, 10, 15, and 20 after wounding (five animals per group).
Histology and Immunohistochemistry
Additional series of experiments were performed for tissue sampling at Day 5 after wounding (two animals per group). Ears at both Days 5 and 20 after wounding were fixed in 10% phosphate-buffered formalin for 2 to 3 days and embedded in paraffin. From the paraffinembedded tissue blocks, 5-m sections were serially cut and stained with hematoxylin-eosin (HE) for routine histology, with a trichromatic solution for assessment of extracellular matrix deposition (Ladewig staining), and immunohistochemically for demonstration of ␣-SMA and PCNA using indirect immunoperoxidase techniques.
For immunohistochemistry, deparaffinized sections were incubated with 3% H 2 O 2 to block endogenous peroxidase. Sections for staining of PCNA were further microwave-heated in citrate buffer (pH 6.0) at 700W for 10 minutes. Mouse anti-human ␣-SMA (1:400; Sigma) and mouse anti-pan PCNA antibodies (1:50; Dako, Hamburg, Germany) were used as primary antibodies, incubated 60 minutes at room temperature. A biotinylated rabbit anti-mouse antibody (Vector Laboratories, Burlingame, California) diluted 1:200 was used as secondary antibody for streptavidin-biotin-complex peroxidase staining (Vectastain ABC-peroxidase-kits; Camona, Wiesbaden, Germany). 3,3' diaminobenzidine was used as chromogen. The sections were counterstained with hematoxylin and examined by light microscopy (Model BX60F; Olympus Optical Company, Tokyo, Japan).
Histologic sections of the wounds were systematically analyzed with respect to cellular invasion and vascularity, using an arbitrary scale from 0 to 3 (0 ϭ none, 1 ϭ minimal, 2 ϭ moderate, 3 ϭ maximal). Development of an organized pattern of collagen deposition was estimated also with an arbitrary scale of 0 to 3, with a score of 3 exhibiting the most advanced collagen organization. Quantitative analysis of PCNA expression is given by the percentage of positive cells in the tissue sections. Mean PCNA values were obtained by counting the number of positive cells in three to four consecutive fields.
For in situ staining of apoptotic cells, the TUNEL method was performed using a commercially available kit (Roche, Mannheim, Germany) according to the manufacturer's instructions. Sections were counterstained with hemalaun. The degree of apoptosis was estimated with a qualitative scoring system that was based on the overall amount of apoptosis observed in the wound. Zero was assigned for no apoptosis, 1 for minimal, 2 for few, 3 for moderate, 4 for heavy, and 5 for maximal amounts of apoptosis (Brown et al, 1997) . In addition, apoptotic cells, ie, cells characterized by cell shrinkage, nuclear and cytoplasmic condensation, nuclear fragmentation, or cellular budding, were assessed in HE-stained sections of the wounds and given in percentage of all cells within an observation field.
Western Blot Analysis
The procedure used to prepare nuclear and cytoplasmic protein extracts is a modification of the method described by Schreiber et al (1989) . After manual homogenization of skin in buffer A (10 mM Tris, pH 7.3, 10 mM KCl, 1.5 mM MgCl 2 , 0.5 mM phenylmethylsulfonyl fluoride [PMSF], 0.5 mM ␤-mercaptoethanol) and centrifugation for 25 seconds at 16,000 ϫg and 4°C, the pellet was resuspended in lysis buffer (buffer A, containing 0.4% Nonidet P-40) and kept on ice for 10 minutes. By centrifugation for 5 minutes at 16,000 ϫg and 4°C, the supernatant was saved as the cytoplasmic fraction. The nuclei were then resuspended in buffer C (20 mM Hepes, pH 7.9, 400 mM NaCl, 1 mM EDTA, 1 mM dithiothreitol, 1 mM PMSF) and incubated on ice for 15 minutes with occasional shaking. The sample was then centrifuged for 5 minutes at 16,000 ϫg and 4°C to save the supernatant as a nuclear-soluble fraction. For whole protein extracts, skin was homogenized in lysis buffer (10 mM Tris, pH 7.5, 10 mM NaCl, 0.1 mM EDTA, 0.5% Triton X100, 0.02% NaN 3 , 0.2 mM PMSF), incubated for 30 minutes on ice, and centrifuged for 30 minutes at 16,000 ϫg. The supernatant was saved as a whole protein fraction. Before use, all buffers received a protease inhibitor mixture (1:100 v/v; Sigma). Protein concentrations were determined using the Lowry assay with bovine serum albumin as standard (Lowry et al, 1951) . Sixty micrograms of protein/lane were separated discontinuously on SDS polyacrylamide gels (10% SDS-PAGE for both p53 and PCNA) and transferred to a polyvinyldifluoride membrane (Westran; Schleicher & Schüll, Dassel, Germany). After blockade of nonspecific binding sites, membranes were incubated for 2 hours at room temperature with mouse monoclonal anti-p53 (1:300; BD Biosciences, PharMingen, Heidelberg, Germany) and mouse anti-pan PCNA antibodies (1:200; Dako) followed by peroxidase-conjugated sheep anti-mouse Ig antibodies (1:5000; Amersham Pharmacia Biotech, Freiburg, Germany) as secondary antibodies. The samples were also examined for the presence of a known nuclear (histone H1) and cytoplasmic (IB␣) protein (12% SDS-PAGE). Antibodies were diluted 1:200 for the anti-histone antibody and 1:200 for the anti-IB antibody (Santa Cruz Biotechnology, Heidelberg, Germany). Secondary antibody was peroxidase-conjugated sheep anti-mouse Ig antibody (1:5000; Amersham Pharmacia Biotech).
Protein expression was visualized by means of luminol enhanced chemiluminescence (ECL; Amersham Pharmacia Biotech) and exposure of the membrane to a blue light-sensitive autoradiography film (Hyperfilm ECL; Amersham, Braunschweig, Germany). Signals were densitometrically assessed (Bio-Rad, Gel-Dokumentationssystem, Munich, Germany) and-in case of whole protein extracts-normalized to the ␤-actin signals (mouse monoclonal anti-␤-actin antibody; 1:5000; Sigma) to correct unequal loading.
Proliferation Assay
The colorimetric indirect proliferation assay WST-1 (Roche), based on the cleavage of the tetrazolium salt WST-1 by mitochondrial dehydrogenases in viable cells, was used to study the effect of PFT-␣ on cell proliferation. For this purpose, both HKER (p53 wt/wt) and the human keratinocyte cell line HaCaT (p53 mt/mt) were cultured in either keratinocyte growth medium containing 5% fetal calf serum (Cell Lining, Berlin, Germany) or DMEM containing 10% FCS (PAA Laboratories, Linz, Austria). According to the manufacturer's instructions, the assay was performed with 3ϫ10 4 cells/well, either exposed to 20 M PFT-␣ or equivalent volumes of DMSO for 24 hours. After 0.5, 1, 2, and 3 hours of WST-1 incubation, absorbance of the formazan product was assessed at 450 nm using a background control as blank and a reference wavelength of 620 nm (DigiScan 340T Elisa Reader; Asys Hitech, Eugendorf, Austria). The expansion in the number of viable cells results in an increase in the overall activity of mitochondrial dehydrogenases in the sample, which leads to an increase in the amount of formazan dye formed, which directly correlates to the number of metabolically active cells.
Statistics
Data are presented as mean Ϯ SEM. After testing for normal distribution using the Kolmogorov-Smirnov test, analysis of variance (two-way repeated measures ANOVA) was performed to test for group, time, and group ϫ time interactions, followed by appropriate post-hoc comparison tests including correction for multiple test procedures (Tukey test). Pearson product moment correlation was performed, followed by a forward stepwise regression analysis to evaluate significant correlations between the parameters studied. Statistics were performed using the software package SigmaStat version 2.03 (Jandel Corporation, San Rafael, California).
